In this paper, we describe the alleviated effects of alpha-tocopherol (α-T) on oxidative damage and its possible role as a signal transmitter in plants during salt stress. The results show that exogenously applied α-T under salt stress increased root length and weight, but reduced hydrogen peroxide (H 2 O 2 ), superoxide anion radical (O 2 .-) and malondialdehyde (MDA) content in soybean roots. The proline content was reduced by α-T treatment. Interestingly, endogenous auxin (IAA) level was significantly increased after α-T application as compared to salt stress alone. Moreover, α-T reduced significantly superoxide dismutase (SOD) enzyme and isoenzyme activity but upregulated peroxidase (POX) 2, 3 and glutathione-stransferase (GST) 1, 3 isoenzyme expression. However, ascorbate peroxidase (APX) enzyme activity was not affected at all. Consequently, the results show that α-T serves as a signal molecule under salinity from leaves to roots by increasing remarkably endogenous IAA levels and increasing partially antioxidant activity in roots.
INTRODUCTION
Alpha-tocopherol (α-T, vitamin E) is a lipophilic membrane-located antioxidant with a low molecular weight; its level varies in different tissues. In plants, tocopherols are synthesized and localized in plastids [2] . The improve membrane stability and protect cell membranes against oxidative damage by quenching reactive oxygen species (ROS) [3] and modulate signal transduction [32] and phytohormones [27] . This was also summarized in a previous study [14] . α-T preserves PSII from photo-inactivation and protects membrane lipids from photo-oxidation [16] . Furthermore, jasmonic acid and ethylene signaling pathways are downregulated in mature leaves of the saltstressed Arabidopsis vte4 mutant which are impaired in tocopherol biosynthesis [6] . Some studies reported that exogenous tocopherol application protects plants from stress conditions. According to the studies mentioned above, α-T may induce plant hormones under stress conditions, but the reason for this is not clear. Auxin (IAA) is known as a key hormone in plants with control apical dominance, leaf primordia, as well as shoot and root elongation [38] . In recent years, however, some reports have indicated that it also functions under stress conditions [29] . In general, endogenous IAA levels were reduced in plants under salinity stress [25] but contradictory results were also reported in roots and leaves [24] . It was suggested that changes in IAA levels under salinity led to regulation of root structure and ROS and ABA responsive genes in plants [34] . To our knowledge, this is the first work focusing on the interaction between exogenous tocopherol application and endogenous auxin level change.
The present study was undertaken to help us evaluate the relation between hormones and tocopherol in plants. The most important question was, in which way sends tocopherol signal from leaves to roots to increase the IAA level and promote salt stress response, and whether it could be considered as a signal transmitter in growth and response to salinity in the plant from leaves to roots.
MATERIAL AND METHODS

Plant materials and growth conditions
Soybean (Glycine max L. Merr.) seeds were obtained from a commercial provider (May, Bursa, TR). The seeds were sown in plastic trays (10 cm × 14 cm) filled with soil under dark conditions. After germination, seedlings were placed into a growth chamber at 25 °C with 16 h/8 h day/night photoperiod and light intensity of 500 µmol m -2 s -1 with 1/2 Hoagland solution for 2 weeks. Seedlings were pre-treated with a 2.5 mM concentration of α-T by spraying for 3 days at 24 h interval. On the third day, leaves that were exposed to (α-T) (0.5, 1.00, 1.50, 2.00, 2.50, 3.00, 3.50 and 4.00 mM) and controls were treated with 200 mM NaCl. This concentrations were determined by previous studies (Fig. 1) . Altogether, there were four different, experimental groups: control (C), tocopherol (α-T), treated salt stressed (NaCl), and tocopherol treated and salt stressed (αT + NaCl). After exposition, roots were harvested at 0h and 72 h and stored at -80 °C.
Experimental approaches
IAA level was detected according to Flores et al. [12] . The level of lipid peroxidation in leaf samples was determined in terms of malondialdehyde (MDA) content according to Madhava Rao and Sresty [26] . Hydrogen peroxide (H 2 O 2 ) levels were determined according to the method of Velikova et al. [37] . The proline content of the leaves was determined by the method described by Claussen [8] . α-T content was determined in according to Winifred et al. [39] , using a Hewlett Packard 1100 (HP Acta Biologica Hungarica 68, 2017 1100 HPLC). Scavenging ability of superoxide anion radical was evaluated by the method of negative staining technique [9] .
Superoxide dismutase (SOD; EC 1.15.1.1) activity was assayed by its ability to inhibit photochemical reduction of nitrotetrazolium blue chloride (NBT) at 560 nm [4] . Ascorbate peroxidase (APX; EC 1.11.1.11) activity was measured according to Herzog et al. [19] . Peroxidase (POX; EC 1.11.1.7) activity was determined according to the method of Hernandez et al. [18] . Glutathione-s-transferases (GST; EC 2.5.1.18) activity was determined by following the increase in absorbance at 340 nm due to the formation of the conjugate1-chloro-2,4-dinitrobenzene (CDNB) using reduced glutathione (GSH) as substrate [15] . Total soluble protein contents of the enzyme extracts were determined according to Bradford et al. [5] .
Equal amounts of protein were subjected to non-denaturing polyacrylamide gel electrophoresis (PAGE) as described by Laemmli [23] , excluding the omission of sodium dodecyl sulfate. For the densitometric analyses of SOD, APX, POX and GST activity, the activities of control plants were considered as 100%, and the percentages of the control values for each treatment are shown in Figures 4-7.
RESULTS
Growth analysis
Salt stress (NaCl) led to a reduction in root length (50%), and did not affect the shoot length. Alpha-tocopherol under salt stress (α-T + NaCl) treatment increased root length by 50%, whereas shoot was longer by 9% as compared to NaCl (Table 1) .
Hydrogen peroxide (H 2 O 2 ) and lipid peroxidation (MDA)
NaCl stress increased H 2 O 2 level by 19%, while α-T + NaCl reduced this level by 41%. NaCl application increased MDA content by 16% in soybean roots as compared to the control group (C), but α-T + NaCl alleviated it by 26% ( Fig. 2A, B) . Table 1 The changes in root length (cm), dry weight (g), in soybean (Glycine max L.) roots under pre-treatment of α-T under salt stress Control (C), Alpha tocopherol (α-T) Salts stress (NaCl), Alpha tocopherol + NaCl (α-T + NaCl). Columns with different letters represent significantly different (P < 0.05) values.
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Proline content and superoxide anion radical NaCl stress increased proline content by 31% in soybean roots as compared to the control group (C), but α-T + NaCl reduced it by 40% as compared to NaCl treatment. NaCl application also increased O 2 .-by 10% in soybean roots as compared to control group (C), but α-T + NaCl reduced this level by 10% as compared to NaCl stress alone (Fig. 2C, D) .
Endogenous (α-T) content
NaCl stress alone increased α-T content by 16%, while it was 4-fold higher (64%) following α-T + NaCl application (Table 2) . Table 2 The changes in α tocopherol content (µg/g) in soybean (Glycine max L.) leaves under pre-treatment of α-T under salt stress Control (C), Alpha tocopherol (α-T) Salts stress (NaCl), Alpha tocopherol + NaCl (α-T + NaCl). Columns with different letters represent significantly different (P < 0.05) values. Endogenous IAA level
Application of alone α-T increased IAA level by 5-fold as compared to the control group (C). However, IAA level was increased to 4.2-fold in soybean roots under salinity. It was determined that α-T + NaCl increased IAA level to 3.6-fold as compared to NaCl stress alone (Fig. 3) .
Antioxidant enzymes
Salt stress reduced SOD enzyme activity by 71% as compared to the control group (C). α-T + NaCl reduced SOD enzyme activity by 40%. Salt stress also reduced GST enzyme activity by 21% as compared to the control group (C), whereas α-T + NaCl increased GST enzyme activity by 47%. NaCl application increased POX enzyme activity by 15% in soybean roots, whereas α-T + NaCl increased POX enzyme activity by 93% as compared to NaCl stress alone. Otherwise, APX enzyme activity was not effected by NaCl treatment but increased under α-T treatment (Figs 4-7) . 
DISCUSSION
In the present study, it was shown that salt application decreased only the root length as compared to the control group. In parallel with our result, it was reported that increased NaCl concentrations led to decrease in soybean root length [36] . Interestingly, according to the results obtained by us, α-T application under salt stress increased root length in soybean plants. As shown in a previous study, α-T application also increased growth in wheat plants under heat stress [22] . As to our results, the significiant reduction (26%) in MDA content can be regarded as a sign that α-T may protect plant cell membranes by two mechanisms. Firstly, it is known that α-tocopherol protects PSII from photo-inactivation and membrane lipids by quenching singlet oxygen [13] . O 2 .
-occur in all aerobic cells by molecular oxygen (O 2 ) and it is important for H 2 O 2 sources and reacts as a reducing agents for transition metals [1] . Secondly, exogenous α-tocopherol treatment increases antioxidant capacity and protects plants from oxidative damage [27] . As shown in Figure 2A , C, salt treatment increases H 2 O 2 and O 2 .
-level in soybean roots while α-T application reduces them.
In the present study, salt treatment reduced SOD enzyme activity in soybean roots. However, in case of α-T + NaCl, SOD enzyme activity decreased by 40% as compared to salt stress alone. As described earlier, tocopherol-treated plants suffer significantly lower oxidative stress as a result of its role in quenching ROS and upregulating antioxidant enzymes [29] . As mentioned above, in our present study, SOD enzyme can be replaced by tocopherol using its antioxidant capacity. On the other hand, significantly decreased SOD enzyme activity in the roots could mean that tocopherol may induce a signal pathway in roots if it is applied on the leaves of soybean plant. Otherwise the elevating effects of salt stress on APX enzyme activity have been reported in numerous studies [18] . However, in the present study, both NaCl and α-T + NaCl did not affect APX enzyme activity. α-T treatment increased GST enzyme activity whilst salt stress decreased it. In contrast, a previous study reported that GST enzyme activity was increased in tomato plants under salt stress [13] . This contradiction could be explained with different plant species and salt concentrations. In our study, POX enzyme activity was increased under both NaCl and α-T + NaCl. In accordance with this result, exogenous tocopherol application increased POX enzyme activity under salt stress in bean plants [34] .
Earlier studies have reported contradictory results regarding IAA level and salt stress in plants. Under NaCl stress, endogenous IAA level was reduced in roots [14] , meanwhile, YUC genes, which are responsible for IAA biosynthesis in Arabidopsis, are upregulated under water stress [24] . This latter finding was attributed to the fact that YUC genes confer drought tolerance, independently of IAA biosynthesis by a thiol-reductase activity [7] . Apart from this, it was reported that IAA can promote drought tolerance by modulating ROS metabolism and inducing ABA responsive gene expression [35] . Tocopherols are also regulated by plant hormones, and they, in turn, can increase hormone levels. It is suggested in a previous study that auxin biosynthesis with tocopherol application could occur from the YUC gene [7] . Tocopherol Acta Biologica Hungarica 68, 2017 treatment may have induced these genes in the roots of soybean specifically. So, increased IAA may have induced salt tolerance with tocopherol application. On the other hand, ethylene biosynthesis gene expression was downregulated in tocopherol deficient Arabidopsis vte4 mutant plants under salt stress [6] . Nevertheless, higher level of ABA, JA and ethylene precursor 1-aminocyclopropane-1-carboxylic acid (ACC) was reported in vte1 Arabidopsis mutant which is deficient in α-tocopherol under salt stress [11] . Our study is the first reporting that tocopherol plays a role as a signal molecule from leaves to roots by increasing endogenous IAA levels. Apart from other biochemical changes (reduced MDA, superoxide radical, H 2 O 2 and proline, increasing POX and GST enzyme activity), we also observed that increased IAA levels in roots occurring due to tocopherol application improved salt tolerance in soybean roots. This result showed that tocopherol treatment was partially effective on the antioxidant defense system and it suggests another mechanism which could be contributed to the enhanced salt tolerance in soybean roots. Otherwise it was demonstrated that tocopherol may act instead of proline and superoxide dismutase enzyme. For this reason, more advanced molecular research should be done to determine how the root cells could perceive tocopherol-induced signals to notify stress via leaves in plants.
